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MBTAL MATRIX CQMPOfllTa WmtQ RUHMiem 
TQXmmBB AND MKTHOD OF MMmiO 
This invention relates to aetal matrix 
eooDDpoaites (MKCa) and the aanu£acture thereof. 
5 More particularly, the invention relates to 

aethods £or increasing the fracture toag^mesa of 
metal matrix oaii9>osite8 via the fabrication of 
disoontiBuottsly reinforced laminate structores. 

Metal matrix conposites have received 

10 much attention as a means to produce prodnota 
having improved propertiea. However, idiile 
significant gains may be made with respect to 
certain properties # sometimes these are obtained 
at the expense of other properties. For 

15 example, in the aluminum industry it is known 
that the yield strength and modulus of 
elasticity of an aluminum alloy can be increased 
through the use of discontinuous reinforcement 
additions to form discontinuously reinforced 

20 aluminum (DBA) materials. Nevertheless, 

nomrnensurate improvement in fracture toughness 
is not obtained in such MMCs. For this reason 
the improvement in other properties may be 
unusable in components for which tou^mess is 

25 important. 

Thus it can be seen that it would be 
of great advantage, particularly in aluaiaum 
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alloys, if the yield strength, aodulus of 
elaatieity and fracture toughness can be 
iaproved together. The present invention 
permits these properties o£ a metal alloy to be 
enhanced, that is, the present invention 
provides MHCs having iaproveaents in aodulus of 
elasticity while maintaining or iaproving 
fraecufe toughness. 

The primary objeot of the present 
invention is to iaprove the toughness of a metal 
sBAtrix eoB^site. 

Another object of the present 
invention is to isprove the fraetore toughness 
of a metal matrix composite irithout 
significantly decreasing the yield strength or 
aodulus of elasticity. 

Another object of the present 
invention is to iaprove the toughness of a metal 
^trix eoBposite formed from alloys of aluminum,, 
titanium, steel or eosbiaations thereof. 

Accordingly, there is disclosed a 
metal matrix eooposite having iaproved fracture 
toughness. The metal matrix composite coopriaes 
a stack of alternate layere of unreiaforoed 
aetal aad diacontiauously reinforced metal. Xn 
a preferred eidbodiaent, the unreinf creed metal 
is an aluminum alloy and the discontinuously 
reinforced metal is an aluminum alloy reinforced 
with silicon carbide particles. 

A second embodiment of the invention 
is a method for providing a metal matrix 
oo^osite having iaproved fracture toughness. 
The aethod comprises the steps of i (a) 
providing a stack of layers of unreinforced 
aetal and discontinuously reinforced metali and 
(b) epplying sufficient pressure to the stack to 
cause interleyer adhesion of the leyers snd thus 
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foza a laminated MKC. Tha stack o£ layara may 
ba altarnatiag layara of unraizif oroad natal and 
diaeontlnuoualy rainforead matal. Zt la 
prafarrad that the uzireinforoad alloy fozna tha 
5 outer layara o€ tha lamiute* 

. Za a preferred eabodimant, tha aethod 
ooa^riaea the atepa oft (a) providing a a tack 
of altematinsr layara of an unreinforeed 
alnmimnn alloy and aluminum alloy ralnf oreed 

10 with ailicon carbide particulatea; (b) heating 
the a tack and (c) applying sufficient preaaure 
to tha atack to cauae Intarlayer adhaalon. 
Afterwards, the atack may be aolutioa heat 
treated axid/or artificially aged. Xn a moat 

15 preferred embodiment, metal foil la placed 
between the layare to enhance Interlayar 
adhaalon. 

Other featurea of the preaant 
invention will be further deaerlbed or rendered 

20 dbvloua la the following related deacrlptlon of 
the preferred embodiment ^diich la to be 
considered together with the acccoqpanying 
drawlnga wherein like f Igurea refer to like 
parte and further herein i 

25 rigure 1 la a photcnicrogra^ of an 

aluminum alloy product made in accordance with 
the Invention. The laminate has been tea ted end 
illuatratea crack tip blunting and Interface 
delamlnatlon idilch resulted frcoa iapact testing. 

30 Figure 2 la an llluatratlon of 

laminates of preaant invention in the crack 
divider and crack arrester orlentationa • 

The terms 'unreinforeed metal" la used 
herein to refer to metals and alloya containing 

35 leas than 5 vol«% of non*matalllo added 

reinforcement materials and preferably less than 
1 irol.%. BxaaqplM of unreinforeed metals 
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isieluda alumlxku&f tltanium« aagneslustt Iro&t 
eopper* sine and alloys In i^eh at laast ona of 
thaaa Mtala la tha largaat al&gla conponant. 
Tha tara "rainforead matal" and 
5 "rainforcad alloy" ara uaad Intarchangaably 

harain to raf ar to alloya containing mora than 5 
vol.% o£ noa-aatallie addad ralnforeamant 
auitariala. Bxaof^aa of rainforoad aatala 
Includa unralnforoad natal to whleh flbara, 
10 whiakarai filamanta, particlaa, ribbon, wlra, 
flaka, eryatala, platalata and othar non- 
aatallio raiaforeaoanta ara intantionally addad. 
Tha tarm la not Intandad to inoluda saatala «diieh 
contain only intazaatallies aaeoapt %Aiara tha 
15 voliima or typa of such intex»atallic8 providaa 
aignifieantly inoraaaad alaatie aodulua. 

Tha taxm "diaeontiauooaly rainforoad 
natal" and apaoifieally "diacontinuoaaly 
rainforoad alnninia" (DUD ara naad 
20 intarchangaably harain to rafar to matala and 
alloya in idiioh tha morphology of tha 
rainforcamant ia diacontinuoua, aoat often with 
a ratio of largaat to anallaat dinanaion of laaa 
than about tan to ona* Tha tarm ia not intandad 
25 to inoluda alloya rainforoad with long fibara, 
ribbono# or whiakara with a ratio of largaat to 
anallaat dinanaion of aora than about tan to 
ona. 

Tha tarn •coovoaita" ia uaad harain to 
30 rafar to a natarial in which two or nora 
conatituanta ara eoB&binad to raault in a 
natarial which haa propartiaa aignifieantly 
diffarant froa aithar conaituant. Rainforoad 
natal # rainforoad alloy « diaeontinuoualy 
35 rainforoad natal and diaeontinttoualy rainforoad 
nliiffl^*^^ ara asaaq>laa of natal natrix 
eonpoaitaa. Typical conpoaitaa ara aatariala in 
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v^oh one of the ocopozittnta haa very high 
strength, sodulxas or both and the other has high 
duotllity. Some o£ their properties generally 
follow the rule of aiactures. For exaB9>le, if 
5 elaetie aodulua is the property of interest, the 
elaatio modulus of the oonpoaita is 
approxiaately the weighted sum of the elastic 
noduli of the constituents. 

The term "Intermetallic" is used 
10 herein to refer to a phase formed in-situ as a 
result of ohemioal and thermodynamio 
interactions. Znteraetallics may have a 
reinforcing effect. However as stated above, 
the term "reinforcing material" is not generally 
15 Intended to include intermetallies • 

The terms "toughness" and "fracture 
toughness" are used interchangeably herein to 
refer to the ability of a material to resist 
catastrophic growth of a orach. 
20 The term "Isminated" is used herein to 

refer to a layered structure having at least two 
layers with dissimilar properties. 

The term "foil" is used herein to 
refer to metal ^diich has been formed into a 
25 layer having a thickness of less than about 0.15 
an (0.005 inches). Poll is coaamonly a rolled 
product having a rectangular cross eeotion. 

The term "sheet" is used herein to 
refer to metal tdxich has been formed into a 
30 layer having a thickness greater than about 0.15 
m (0.005 inches) and less than about 5.325 n 
(0.249 inches). Sheet is conmonly a rolled 
product having a rectsngular cross section. 

The term "plate" is used herein to 
35 refer to metal which has been forxMd into a 
layer having, a thickness greater than about 
5.325 am (0.249 inches). Plate is eonmonly a 
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rolled product having a rMtangular croB« 
section. 

By reference to Figure 1, there ie 
Bhom an enlarged croea-eection o£ an aluminum 
alloy product produced in accordance with the 
present invention* A section o£ DRX (lighter 
color layer) ie sandwiched between two layers o£ 
iiBrein£orced alloy, the laminate alloy product 
o£ the invention has beneficial properties 
resulting from both types of layers. 

Powder metallurgy may be used to 
obtain the alloys laminated to form the 
eoBg>osite structure of the present invention. 
T!hm seme alloy may be used in both the 
wrelnf orced and reinforced layers or one layer 
may be cooprised of a different alloy, depending 
to some extent on the properties desired in the 
final product. It is preferred that in the 
reinforcement layers, the reinforc«ttt material 
be uniformly distributed throughout the product 
in order to provide the optiaam eombination of 
strength, toughness and fatigue resistence. 

In making product from aluminum alloy 
powder, a baee aluminum powder alley such as AX 
zaOBO, 6113 or X70M ie eelected d^ending on 
the basic properties desired. For eauaple, 
powder metallurgy alloy X7093 exhibits higher 
lovels of strength and toughness than 
conventional alloys euch an 7075 and 7050. 
Further, the base aluminum powder alloy can be 
selected to produce a fine grain structure, 
generally, the base aluminum powder should have 
a particle sise in the range of -200 to -325 
mesh (Fisher sub-sieve sising screen) . 

unreinf oreed aluminum alloye have 
capability for good strength and fracture 
toughness but their elastic modulus ie 
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considered to be leas than desirable for 
stiffnees critical appllcatlona . The addition 
of reinforcement aateriala, eueh ae particlee of 
eilleon carbide (SiC) to the alloy powder, 
5 servee to enhance the elaetie aodulue with 
respect to the unreinforced matrix alloy. As 
noted above, the incorporation of reinforcement 
particles degrades fracture related properties 
such as duotllity and fracture toughness. 
10 Surprisingly, the conbination of layers of 
unreinforced and reinforced layers produce a 
material having oooibined improvements in modulus 
of elasticity while maintaining improved 
toughness • 

15 As seen in Figure 1, the reinforcement 

material provides a mechanism for crack 
deflection. Although not wishing to be bound by 
any theory, it is believed that the fracture 
toughness of the laminate is increased through 

20 the mechanisms o£ crack blunting and crack front 
deflection. Crack blunting involves impeding 
crack growth. Crack front deflection increases 
ths area in i^ch fracture-related events occur 
and therefor increase the energy absorption 

25 capability of the material. 

The emount of reinforcement material 
can range from a very small amount to a rather 
significant amount if it is desired to greatly 
ixoprove elastic modulus. Typically, the 

30 reinforced layers or regions are formed from a 
blend comprising at least 5 vol.% of the 
reinforcement constituent, with preferred amounts 
being at least 10 to 30 vol.%. Normally, the 
blend should net comprise more than .55 vol.%. 

35 The base powder alloy and the 

reinforcement are miaced to provide a blend 
wherein the reinforcement material, is 
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Biib«tantially uniformly diitributed throughout 
It. Thereafter, the blend can be cooEpreBsed to 
foxn a conpeot. 

The conpaot ean be subjected to a 
5 vacuum preheat £or purpoiea of degassing. 

Typically* for aluminum, the preheat is carried 
out at a tenperature in the range of 800* to 
llOO'^F. Thereafter, it may be hot pressed to 
provide up to 100% density. For aluminum 
10 poNder« the eonpaet can be hot pressed at a ) 
tea^erature in the raaage of BOO* to llOO*?., and 
pressing can be carried out at pressures in the 
range of 30,000 to 90,000 psi. 

AS well as providing the alloy with 
15 controlled amounts of alloying elements as 

described hereinabove, it is preferred that the 
alloy be prepared according to specific method 
steps in order to provide the most desirable 
cfaaracteriatios. Thus, the alloy described 
20 herein can be provided as an ingot or billet for 
fabrication into a suitable wrought product by 
techniques currently es^loyed in the art. The 
ingot or billet may be preliminarily worked or 
shaped to provide suitable stock for siibseq^t 
25 working oper&tions. 

The reinforced metal can be rolled or 
aactruded or otherwise subjected to working 
ppefations to produce stock such as sheet, plate 
or extrusions or other stock suitable for 
30 shaping into the end product. Typically 
extruding, for example, of the hot pressed 
ca^act, should be performed at a tenperature in 
the range of 550* to 900*P. depending on the 
eonposition of the alloy. 
35 The reinforced metal sheet or plate is 

then stacked in altenukting layers with 
unreinforced metal. A layer of metallic 
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foil Bay be plaa«d betw««& th« layers to 
inereaee the iaterlayer adherence. The etack is 
then roll bonded to produce a unreinforoed 
la&lnate having alternating layers or strata o€ 
5 imreinforced and reinforoed aaterial. 

The resulting laminate can then be 
formed or worked to the desired product, various 
themal operations aay be required to obtain the 
proper auitallurgieal condition in the aetal. In 

10 the case of precipitation-hardened alleys , a 

solution heat treataent is used to substantially 
dissolve soluble elenents. Ihe solution heat 
treatment is preferably accoapliflhed at a 
teaperature in the range of 800 to llOO^F. and 

15 typically at about 900^F. for about 1 hour. 

Solution heat treatments can range 
from several minutes to about 2 hours or more at 
the solution heat treating temperature. Extend- 
ing the solution heat treatment time beyond 

20 about 2 hours generally does net provide further 
improvements in final properties. 

To further iaprove the properties 
neoessary to the final product, alleys which are 
solution heat treated should be rapidly quenched 

25 to prevent or minimise uncontrolled precipita- 
tion of various phases which, when iaprqperly 
formed, can degrade properties. A cold water 
quench is preferred. Thus, it is preferred in 
the practice of the invention that the quenching 

30 rate be at least 10*P./sec with a preferred 
quench rate being at least 100*7. /sec. 

The product can be artificially aged, 
this may be aeccqplished by subjecting the 
product to a temperature in the range of about 

35 200* to 400*F. for a sufficient period of time 
to provide the desired yield strength. The 
period for artificial aging can run from several 
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minutefl to aany hours* For soma alloys such as 
7ZZX series alloys, artificial aging is 
aoeonplished by subjecting the product to a 
tenpermture in the range of 250* to 335"7. for a 
5 period of at least 16 hours. 

While reference herein has been nade 
to using alu&inun powder alloy products, it 
should be understood that aetal other than 
alu&inua alloye aay be eonbiaed with the intent 
10 of increasing the fracture resistance of the 

final products. Such aaterials can include, for 
exaaple, metals such as steel and titanium or 
other materials having properties desirable in 
the final product. 
15 While the ianrention has been described 

in part with respect to powder metallurgy, its 
application is not necessarily limited thereto. 
That is, the present invention discloses a metal 
or alloy structure having a dual or dnplen 
20 structure oonprised o£ alternating strata of 
imreinf orced and reinforced metal wherein the 
strata act in combination to ia^rove the 
toughness, strength and fracture resistance of 
the structure. 
25 ne following enaples are offered to 

illustrate the advantages of the present 
invention. The Z7093 powdered alloy used in the 
Sxaa^les is coamercially available from The 
Aluminum Coopany of taerica (Alcoa). >. The SiC 
30 reinforcement material used in the Bnsaples is 
P-600 grade 8iC which is eommercially available 
from Norton Company. 

A batch of powdered aluminum alloy, 
35 r7093 was cold isostatically conpaeted into a 
cylindrical mold to 70-80 % of theoretical 
density. The cylindrical mold was sealed. 
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dogassad and hot praaaed at 900*F. to produea a 
100% danalty blllat. Tharaaftar, tha billat was 
axtnidad at 850 Tha alaatio aodulua, yiald 
atraagth (YS) and atraia at failura wara than 
5 maaaurad and raeordad on Tabla 1. 

Charpy lapaot taata wara parformad on 
notchad and unnotchad aaaplea of tha natarlal of 
Sxanpla 1 and tha raaulta ara raeordad on Tablaa 
2 and 3. 

10 SskliSJL 

Blaatlc 0.2% Offset Strain At 
g"»P^^ Wa^^yjLfrl yo<|ylnff* Yfl Pailw f%l 

1 Z7093 €4.8 573 13 

2 r70S3/ 
15 15.wt.% 

Sic 98.5 C15 4 

3 roll bonded 

laalaata 87.9 582 10 

4 roll bonded 
20 laalnata 

with foil 79.4 

5 adhaaiira 
bonded 

laminate 75.5 575 

25 * OPa 

A batch of tha povdarad aluainom alloy 
naad in Bxaopla 1 ia mixed with 15 vol.% silicon 
carbide partidea to produce a uniform bland* 

30 Tha bland was than proeaaaed aa in Exaiapla 1* 
Tha elastic modulus, yield strangth (YS) and 
strain at failura vara than maaaurad and 
recorded on Tabla 1. Aa can be aaan in Tabla 1, 
tha rainf oread matarial of Bsaaipla 2 aachibited a 

35 52% inoraasa in modulus of elaatielty over tha 
matarial of Sxanpla 1 and the yield strength 
remained about the aame' (7% increase) • 

Charpy inpact taata vara performed on 
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aotehad ud unnotched BaopleB of thm aaterial of 
Exaflple 1 and tbm results are recorded oa Tables 
a and 3. AS seen in Table 2, the lapaet energy 
(reported as total energy) of the notched 
5 saiq^les decreased significantly to epproximately 
25% of the imreinforeed aaterial of baople 1. 
Table 3 illustrates that the iapaet energy 
(reported as total energy) of the imnotched 
senples dropped significantly to spproxlaately 
10 6% of that of the nnreinf orced aaterial of 
Rzasple 1 • 

The reinforced aaterial of Bzanple 2 
had an significant increase in aodolus of 
elasticity over the nnreinf orced aaterial of 

15 Bxaiple 1 but the toughness of the aaterial of 
Szasple 2 %fas reduced. What is needed is a 
material with the iaproved aodulus of elasticity 
that does not suffer from the draaatic reduotion 
in toughness. 

20 Ziblfi^ 

SasDle Orients- Maximun Total Total 

PaflMtion* 



25 



30 



1 


ti.9P 








10.23 


€.5€ 


2 




5.41 


1.61 


3 


Arrester 


10.31 


17.15 


3 


Divider 


€.39 


3.88 


4 


arrester 


10.74 


22.71 


4 


Divider 


7.27 


3.92 


5 


arrester 


7.48 


7.59 


S 


Divider 


5.89 


2.82 



1.75 

0.9 

8.20 
1.30 

10.00 
1.20 

5.00 
0.90 
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rmKOTC?HKD IMPACT TESTTSQ 

Saapltt Orlsata- M aacl m in Total Total 

BSffl^ tion hftffctf (MT) Bnarov (J) Daflaetion» 

5 1 100.00 

2 5.96 

3 Arraator 46,78 

3 DiTidar 38.81. 

4 Arraator 47.46 
10 4 Dlvidar 34.12 

5 Arraator 28.48 
S Dlvidar 15.13 



15 Material from Sxaaplaa 1 aad 2 wara 

eaoh rollad to a plata thickaaea e£ 
approxiaataly 0.5 inchaa and trixmad. A three 
layer laminate formed £rom two layera of the 
uareinforoad material of Exanple 1 aurrounding 

20 the reinforced material of Xxample 2 were 

produced by firat etching the anrfaeee with a 
solution of aodiua hydroxide and mechanioally 
abrading the bonding aurfaeea. The' layera ware 
then stacked r held together with a spot weld and 

25 preheated to approicimately 850*r. The heated 

stack was then paaaed throng the nip of rollers 
and reduced approximately 15% per pass for three 
passes to form the laminate. 

The elaatic modulus, yield strength 

30 (Y8) and strain at failure were then measured 
and recorded on Table 1. As can be seen in 
Table 1, the laminated material of Bxaaple 3 
exhibited a 36% increaaa in modulua of 
elasticity over the material of Sxaxqple 1 and 

35 the yield strength remained about the aame (2% 
increase) • 

Charpy ii^act tests were performed on 
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notched and unnotohed laaiaates o£ the aeterlel 
o£ Sxaaple 3 end the reeults are recorded on 
Tablee 2 and 3* Surprisingly, the iapact energy 
(reported as total energy) of the notched 

5 sanples exhihited an increase in toughness in 
the crack arrester orientation (see Figure 2) o£ 
epproxinately 2€1% of the unrelnf orced aaterial 
o£ Sxaaple 1 and an increase o£ over 1000% of 
the reinforced material of Bxanple 2. 

10 Table 3 illustrmtes that the drop in 

toughness or isqpact energy (reported as total 
energy) of the unnotched laminates of Bieaaple 3 
was significantly less than the reinforced 
aaterial of Sxasaple 2. The toughness of the 

15 unnotched aaterial of Bxanple 3 was over 600% 

higher than the reinforced aaterial of Bxaaple 2 
in both the crack arrester and crack divider 
orientations. 

Figure 1 illustrates the crack 

20 blunting and interface delamination of the 

aaterial of Bxaaple 3. As explained above, it 
is believed that the crack blunting and 
interface delaainatlon lead to the aateriels 
high fracture tou^mess. The cowhi nation of 

25 high aodulus of elasticity and high toughness 
(in arrester orientation) of the laainated 
aaterial of Bxaaple 3 is une^eoted and will be 
aore useful in aircraft applications such as 
wings, fuselage and tail sections than either 

30 the reinforced or unreinforeed Z7093 alone* 

Bxaaole 4 
The procedure of Bxanple 3 was 
repeated except that a layer of aluainua fell (A 
1100 alloy) was placed between the unreinforeed 

35 and reinforced alloys. The elastic aodulus, 
yield strength (TS) and strain at failure were 
then aeasured and recorded on Table 1. As can 
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be seen in Table 1, thm laalnated material of 
Sxanple 4 exhibited a 22% inerease in modulus o£ 
elaetioity over the material ot Bxaaple 

Oiarpy impact teats were performed on 
5 notched and unnotohed laminates of the material 
of Example 4 and the results are recorded on 
Tables 2 and 3. Surprisingly, the i^act energy 
(reported as total energy) of the notched 
samples exhibited an increase in toughness in 

10 the crack arrester orientation of approximately 
340% of the unreinforced material of Example 1 
and an increase of over 1400% of the reinforced 
material of Exaaqple 2. Unexpectedly , the use of 
the foil interlayer in the laminate of Example 4 

15 produced an iaereaae in impact energy that waa 
greater than that of the laminate formed without 
foil (Example 3). 

Table 3 illuatrates that the drop in 
toughness or impact energy (reported aa total 

20 energy) of the unnotehed lasdnate o£ Exa^le 4 
waa aignificantly less than the reinforced 
material of Example 2. The toughness of the 
unnotehed material of Example 4 waa over 600% 
higher than the reinforced material of Example 2 

25 in both the crack arrester and crack divider 
orientations. The cnmhlnstiqn of high mbdnlus 
of elasticity and high toughness (in arrester 
orientation) of the laminated material of 
Example 4 is unexpected and will be more useful 

30 in aircraft applications such as wings # fuselage 
and tail sections than either the reinforced or 
unreinforced Z7093 alone. 

Bxagple 5 
The procedure of Example 3 was 

35 repeated except that the laminate was adhesively 
bonded instead of roll bonded* The adhesive 
bonding was acco^lished by applying a layer of 
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epoxy to the bonding surfaeea after etching. 
AF1632K epoa^ which is eooBnerieally available 
£ra& 3M corporation ia suitable for use aa an 
adhesive. After tha adhesive is applied the 
5 atach is foxned as in Bxanple 3. The stack is 
held at approximately 70 psi and 2S0*P. for one 
hour to cure the epoxy. 

The elastic aodulus, yield strength 
(ys) and strain at failure were then sMasured . 
10 and recorded on Table 1. As can be seen in 
Table 1$ the laninated aaterial of Bxasiple 5 
exhibited a 1€% increase in modulus of 
elasticity over the material of Example 1. 

Charpy iaqpaet tests were perforawd on 
15 notched and unnotched laminates of the material 
of Exasple 4 and the results are recorded on 
Tables 2 and 3. Surprisingly, the inqpact energy 
(reported as total energy) of the notched 
saavles eadkibited an increase in toughness in 
iO the crack arrestor orientation^ of approximately 
115% of the unreinforced material of Bxai^le 1 
and an increase of over 470% of the reinforced 
material of Example 2. 

Table 3 illostrates that the drop in 
25 toughness or impact energy (reported as total 
energy) of the uxmotched laminate of Example 5 
was significantly less than the reinforced 
material of Exaapla 2. The toughness of the 
unnotched material of Example 3 was over 450% 
30 higher than the reinforced material of Example 2 
in the crack arrestor orientation. The. 
combination of high modulus of elasticity and 
high toughness (in arrestor orientation) of the 
laminated material of Exaaple 5 is unexpected 
35 and will be more useful in aircraft applications 
such aa wings, fusslage and tail sections than 
either the reinforced or unreinforced Z7053 



SUBSTITUTE SHEET 



WO94/103S] 



PCr/lS93/I0360 



aiona* 

It is to bm appreciated that certain 
featuree of the present invention may be changed 
without departing from the present invention, 
5 Thus, for escaaple, although the invention wae 
described, in tezas of silicon carbide 
reinforcement material, other reinforcement 
uteriale known in the art may also be used. In 
general, these include a wide variety of oxides, 
10 carbides and nitrides. Specifically, titanium 
carbide, boron carbide, graphite, carbon, 
alumina, silicon nitride, aluminum nitride, 
mullite, titanium boride, zirconium boride, 
silicon aluminum oi^nitride (SiJU.ON) and 
15 coBibinations thereof can also be used as 
reinforcement material. 

Zn addition, idd.le the invention has 
referred generally to powders, it should be 
understood that other methods may be used to 
20 form the reinforced metal ccnqponent of the 

laminate. Other methods include spray forming, 
plasma spraying, die casting, presaore casting, 
rheooasting and ccmpocasting. 

While the invention has been described 
25 terms of forming a three layer laminate from 
materials having thicknesses of the same order 
of magnitude, the invention is not necessarily 
limited thereto. .Per example, the laminate may 
be formed from any number of layers. It is 
30 ea^eeted that laminates of five or seven layers 
will be found to be useful in the art. Zf more 
than one reinforced layer is used to fon the 
ooaposite it is not necessary that they all 
contain the same volume percent of reinforcement 
35 material. Zn addition, it is not necessary that 
the layers in the stack alternate between 
reinforced and unreinf creed material . For 



SUBSTITUTE SHEET 



wo 94/10351 



PCr/US93/lll360 



example, the laminate may ba formed from five of 
leyera with the first «ad fifth layers being 
f abriceted from unreimf oreed material and the 
aeeond and forth layers fabricated from a 
5 material containing 8 vol.% reinforcement and 
the middle or third layer containing 18 vol.% 
reinforcement. Furthermore, it ia contemplated 
that some of the layers may have a thiekness 
idiieh is substantially thinner than others and 
10 yet still thicker than foil. 

In addition, vhile the invention has 
referred generally to forming laminates from 
separate and distinct layers of eonposltionally 
homogeneous flat rolled product, it should be 
15 understood that the laminate of the present 
invention is not so limited. Each layer of 
material to be used in the laminate may be 
formed from spray forming or plasma spraying 
technique in fihich the amount of the 
20 reinforcement is varied as the metal product is 
being deposited. Thus, the volume percent of 
reinforcement material may be varied across the 
thiekness of the reinforcement layer. This 
variation in volume percent may be abrupt or 
25 gradual depending on the desired outcome* In 
addition, it is contes^lated that the entire 
laminate may be formed by changing the 
alternating the volume percent of particulate 
material from belov 5 vol.% to above 5 vol.% and 
30 thereby form the dual struoture (unreinforced 
and reinforced layers) with a single spraying. 
Similarly, the coi^osition of the alloy that is 
being deposited may be varied within each layer 
or the entire structure. In addition, it is 
35 contemplated that each layer need not extend the 
entire length or width of the product. 

While the invention has been described 
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terms of roll bonding and adhesive bonding/ it 
will be understood that the basio invention is 
not necessarily llaited thereto. For example, 
layers any be Xeainmted by ea^losive bonding, 
5 difussion bonding, extnadizig and other bonding 
techni^es known in the art. 

Parthemore, while the invention has 
been described in part with respect to aluminun 
and its alloys. It will be miderstood that the 

10 Invention is not necessarily liaited thereto. 
For eacaagple, the dual structure effect has 
application to other metal structures such as 
steel, titanium and other alloys, and such is 
contenplated within the purview of the 

15 invention. 

Wheraaa the preferred embodiments of 
the present invention have been described above 
in terms of being especially valuable in 
producing Z7093 alinBlniim alloy parts, it will be 

20 apparent to those skilled in the art that the 
present invention will also be valuable 
producing laminated composites made of other 
aluminum alloys containing about 60 percent or 
more by weight of aluminum and one or more 

25 alloying elements. Among such suitable alloying 
elements is at least one element selected from 
the group of eesentially character forming 
alloying elements and consisting of manganese, 
sine, beryllium, lithium, copper, silicon and 

30 .magnesium. Z term these alloying elements as 
essentially character forming for the reason 
that the contemplated alloys containing one or 
more of them essentially derive their 
characteristic properties from such elements. 

35 Ustially the amotmts of each of the elements 
which Isqpart such characteristics are, as to 
each of magnesium and copper, about 0.5 to about 
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10 wt.% of the total alloy if the element ie 
present as an alloying element In the alloyi as 
to the elenent sine, about 0.05 to about 12.0% 
of the total alloy if such element is present as 

5 an alloying element; as to the element 

beryllium, about 0.001 to about 5.0% of the 
total alloy if such element is present as an 
alloying elemmti as to the element li th i um > 
about 0.2 to about 3.0% of the total alloy if 

10 such element ie present as an alloying elementi 
and as to the element manganese, if it is 
present as an alloying element, usually about 
0.15 to about 2.0% of the total alloy. 

The elemente iron and silicon, ^diile 

15 perhaps not entirely or always accurately 

classifiable as essentially character forming 
alloy elements, are often present in aluminum 
alloy in appreciable quantities and can have a 
marked effect upon the derived characteriatie 

20 propertiea of certain alloys containing the 

same. Iron, for exeaple, MtdLeh if often present 
and considered as an undesired ia^urity, is 
oftentimes desirably present and adjusted In 
anounta of about 0.3 to 2.0 wt.% of the total 

25 alloy to perform specific functions. Silicon 
may also be so considered, and ^diile found in a 
range varying from about 0*25 to as much as 15%, 
ie more often desirebly found in the range of 
about 0.3 to 1.5% to perform specific functions. 

30 Zn lis^t of the foregoing dual nature of these 
elements and for convenience of definition, the 
elements iron and silicon may, at least vfaen 
desirably present in character affecting amounts 
in certain alloys, be properly also considered 

35 as character f orating alloying ingredients. 

Such aluminum and aluminum alloys, 
idxich may contain one or more of these essential 
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charaoter forming el«aents, may contaiii» either 
with or without the aforementioned character 
forming elements, quantities of certain well 
known ancillary alloying elements for the 
5 purpose of enhancing particular properties • 
Such ancillary elements are usually chromiuttr 
nickel, sirconium, vanadium, titanium, boron, 
lead, cadmium, bismuth, and occasionally silicon 
and iron. Also, «diile lithium is listed above 

10 an essential charaoter forming element, it may 
in some instances occur in an alloy as an 
ancillary elemmt in an amount within the range 
outlined above. When one of these ancillary 
elements is present in the aluminum alloy of the 

15 type- herein conteaq^lated, the amount, in terms 
of percent by weight of the total alloy, varies 
with the element in question but is usually 
about 0.05 to 0.4%, titanium about 0.01 to 
0»25%, vanadium or sirconium about 0.05 to 

20 0.25%, boron about 0.0002 to 0.04%, cadmium 
about 0*05 to 0*5%, and bismuth or lead about 
0.4 to 0.7%. 

The aluminum alloys included most 
preferably the wrought and forged aluminum 

25 alloys such as those registered with the 

Aluminum Association by the designations 2014, 
2017, 2117, 2»8, 2219, 2419, 2024, 2124, 2224, 
2036, 6101, 6201, 6009, 6010, 6151, 6351, 6951, 
6053, 6061, 6262, 6063, 6066, 6070, 7001, 7005, 

30 7016, 7021, 7029, 7049, 7050, r7093, 7150, 7075, 
7175(b), 7475, 7076, 7178 and other appropriate 
alloys of similar designation. Of particular 
interest are the aluminum alloys Z2080, 6113, 
27093. These aluminum alloys generally include 

35 the generic designation 2000 series alloys, 6000 
series alloys and 7000 series alloys. The cast 
alloys treatable by the present invention 
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include most preferably the cast alusdaum 
alloys, such as those designated 222, 242, 295, 
296, 319, 336, 355, 356, and 712. These cast 
alloys generally have the generic designation 
5 200 series alloys, 600 series alloys and 700 
series alloys. 

These and other changes o£ the type 
described could be Bade to the present invention 
without departing fron the spirit of the 
10 invention. The scope of the present invention 
is indicated by the broad general aeaning of the 
terms in which the claims are expressed. 
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X. A laalnated metal aatrlx ooapoBlta 

ecapriaing a la&lnated stack of altemata layars 
of tmralnforeed natal and reinforced metal. 
5 2, The metal matrix coaposite of claim 1, 

in which the thickness of said unreinforced 
layers are of the same order of magnit\ide as 
said reinforced layers. 

3, The metal matrix coaposite of claim If 
10 in said unreinforced layers and said 

reinforced layers have a thickness greater than 
about 0«S mm. 

4, The metal matrix coaposite of claim 1, 
in fdiioh said unreinforced metal is an alloy of 

15 a metal selected from the group consisting of 
aluminum, copper, iron, titanium, magnesium and 
zinc* 

5« The metal matrix coaposite of claim 1, 

in which said unreinforced metal is an aluminum 
20 alloy. 

5, The metal matrix coaq)Osite of claim 1, 
in which said reinforced metal is an alloy of a 
metal selected from the group consisting of 
aluminum, copper, iron, titanium, magnesium and 

25 sine. 

7. The metal matrix ooavosite of claim 1, 

in which said reinforced metal is an aluminum 
alloy containing at least 5 vol.% of reinforcing 
material. 

30 B. The metal matrix coaposite of claim 1, 

in which said reinforced metal contain particles 
selected from the group consisting of boron 
. ca^ide, silicon carbide, silicon nitride, 
graphite, alumina, titanium carbide, carbon, 

35 silicon nitride, aluminum nitride, aullite, 
titanium boride, sirconium boride, silicon 
aluminum oxynitride (SiAlOir) and combinations 
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therao£. 

9. Hia utal wtrlx eoB^oaita of claim 1, 

in which aaid rein£orcad natal contain partiolaa 
of ailicon carbide. 
5 10. Tha matal matrix coa^oaite of claim 1, 

in which aaid rainforeed matal contain particlaa 
of ailicon caAida having an avaraga partida 
aiza of laas than about 50 microna. 

11. Tha matal matrix con^oaita of claim 1, 
10 in v^ch aaid unrainforced matal and aaid 

reinforced metal are formed from different 
alloya« 

12. The matal matrix; conpoaita of claim 1, 
in which aaid unrainforced metal and aaid 

15 reinforced metal are formed from different 
aliiTnlnum alloya* 

13. The matal matrix eoaqpoaita of claim 1« 
in idiich metal foil ia interlayered between aaid 
unrainforced metal and eaid reinforced metal. 

20 14. An aircraft tail aection or es^ennage 

which ia at leaat partly formed from the 
laminated metal matrix compoaita of claim 1. 

15. An aircraft wing which ia at leaat 
partly formed from the laminated matal utrix 

25 eoopoaita of claim 1. 

16. An aircraft wing compriBing a 
plurality of laminated panala of layera of 
unrainforced and reinforced aluminaum alloy. 

17. An aircraft tail aection eonpriaing a 
30 plurality of laminated panala of layera of 

unreinf orced aluminum alloy and the aame 
aluminum alloy having 5 to 55 vol,% of 
particulate material of ailicon carbide. 

18. An aircraft wing or aeotion thereof 
35 coopriaing a plurality of laminated panala of 

layera of unreinforced aluminum alloy and the 
aame aluminum alloy having 5 to 55 vol.% of 
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particulate material of silicon carbide. 

19. A method for producing a metal matrix 
coavosite having increased combination of 
elastic modulus and fracture toughness, said 

5 mftthod. comprising the steps oft 

. (a) providing a plurality of layers 
of unreinf oroGd metal and reinforced metal i 

(b) stacking said layersi and 

(c) applying sufficient heat pressure . 
10 to said stack to cause Interlayer adhesion of 

said layers. 

20. The method of claim 19, in which step 
(a) further includes i 

said stack of layers conprises 
15 alternate layers of unreinf creed metal and 
reinforced metal. 

21. The method of claim 19, in which step 
(a) further includes t 

said stack of layers conprises 
20 alternate layers of unreinforeed aluminum alloy 
and reinforced aluminum alloy. 

22. The method of claim 19 in lAieh step 
(a) further includes t 

said stack of layers coqiriseB 
25 alternate layers of unreinforeed metal and metal 
which has been reinforced with particles 
selected from the grovp consisting of boron 
carbide, silicon carbide, silicon nitride, 
graphite, alumina, titanium caAlde, carbon, 
30 silicon nitride, aluminum nitride, nullite, 
titanium boride, airconium boride, silicon 
aluminum oxynitride (SiAlOH) and cosbinations 
thereof. 

23. The method of claim 19, in which 
35 eoaqtrisess 

roll bonding said stack of layers to 
form a consolidated product. 
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34. * Tba mtbod of elaitt 19, la which step 
(b) further includes t 

adhesively bonding said itaek of 
layers to form a consolidated product. 
5 35. A method of producing on aluminum 

alloy having a combination of iaproved fracture 
toughness and elastic modulus # said method 
coBiprising the steps oft 

(a) providing a firat aluminum powder 

10 alloyi 

(b) adsdxing with said first aluminum 
powder alloy a reinforcement material to provide 
a blendi 

(c) pressing the blend to make a 
15 green compact i 

(d) hot pressing said green ccsapact; 

(e) working the hot pressed coapact 
to produce a first product flat rolled producti 

(f) providing a second flat rolled 
20 al%iminum alloy product! 

(g) stacking said first and second 
products to form at least three alternating 
layers I and 

(h) laminating said stack. 

35 36. The method of claim 35# in which 

further includes t 

heat treating said stack. 

37. The method of claim 35, In which said 
first and second flat rolled products are formed 

30 from the same aluminum alloy. 

38. The method in accordance with claim 
25, wherein said reinforcing material is at 
least 5 vol. % of the blend. 

39. The method in accordance with claim 
35 35, further including the step of vacuum 

preheating the green ooopaet for purposes of 
degassing. 
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30. The method in accordanoa with daln 

25i further includ ing the step o£ heat treating 
said stack at a teoperature in the range of 800 
to 1100*F. 

5 31. The method in accordance with claim 

30, including the step of aging the product 
after the heat treating step. 
32. The method in accordance with claim 

25, including the step of artificial aging said 

10 Btaok-at a tenperature of 200* to 400*F. 

33 . The method in accordance with claim 

25, in idxich step (h) includes roll bonding said 
stack to form a consolidated product. 
34. The method in accordance with claim 

15 25, in which step (h) includes adhesively 
bonding said staek to form a consolidated 
product. 



SUBSTITUTE SHEET 



wo 94/10351 



PCrAJS93/t€360 



1/2 




i 
i 



^GisTmire SHEET 



wo 94^0351 



PCr/US93/10360 



2/2 




FIG. 2A 




FIG. 2B 



suBsnnrre sheet 



INIERNAnWAL SEARCH REPORT 



KTivsmwo 



A. CLASSmCAnON OF SUBJECT MATTER 
IPC(5) tC23C 1/09, 1/10; B32B 15/00; B22F 7/02 

US CL : 43t/614» 6S4; 244/133; 419/S, 6» t; 228/190; 156/B9 
Acoofdmg to tatenminiial Hicat Qairiflcaf fcw (jpQ er to both nattonal cl«-*^ »Ht lad IPC 

B. FIELDS SEAROIED 

MmtniiiiD dnriimnititkm mched (chnifaHott syttEm foltawed by cbnifiatioii lynboli) 

VS. : 421/614, 6$4; 244^33; 419/3, 6, B; 221^90; IS6f89; 42t/60B; 244^23. IITR; 29/419.1 



D onmriittfwn iBMcliBdothc rtt ii nminm^ 
Kifk-Othner 



Etoctioiifeditabi w co i ii ul tBd daring ttiB to 
APS : taminsta md iluminum, adhesive or roB boncfino. 



C DOCUMENTS CONSIDERED TD BE RELEVANT 



Ciiatioii of docuncct > with fatotten, wfaqp appfoprite, of the rdcvuit.pMttgei 



RdBvnit to olixni No. 



US, A, 4«7S3,850 (Ibe et al) 28 June 1988, abstract. Figure 
3, column 1, lines 52-55, column 2, lines 54-56, column 3, 
lines 30-34* 



US, A, 4,197,360 (Throop) 8 April 1980, abstract, claims 1, 
5, column 2, lines 53*61, column 7, lines 1-2 

US, 4,973,522 (Jordan et al) 27 November 1990, abstract, 
claims 1-4 

US, A, 4,999,061 (Curtis et al) 12 March 1991, column 1. 



1, 4-6, 12 

1-12, 14-34 
1-12, 14-34 
1-12, 14-34 



fxl Fttitlia'doeuncatt ait Kited ta the oootmuaim See peteat ftnily 




Dale of the actial eoiiipletioa of the iatematiooAl seaich 
2S iamiary 1994 


Date of mailmc of the cilemityiuiLicarch rneit 

FEB 0 TwST^ 


Naae lad mamnt addrets of the ISA/US 

Wt^^fa^ioi, D£. 30SI 
Paerimae No. nOSI 305-3230 


Tdqtene No. nO» 3084661 



Fonn PCniSA/210 (aeeood riiectKlidy 1992)* 



IKTERNATIONAL SEARCH REPORT 



Intenstioail applintmi No. 
PCTA1893/1CD60 



C (Ceiuimatim). DOCUMENTS CONSDEREO TO BE RELEVANT 


diegnf 


OUtilin flf dffWIT"— «, «*««|Twiptiite. af the idcwiMpMllin 


Rdervwi to dtim No. 


Y 


US, A. 3,243.782 (Ray) 12 April 1966. Figure 1, adumn 1, lines 
2S-2S. cdunm 5, lines 18-24 


19-34 


X 


US. A. 4.04S.857 (Suzuki) 6 September 1977, abstnct. Figure 3. 
odanm 4, Iii»s 37-S6, adumn S, lines 3-4 


1, 4-12, 14-18 


A 


IP, A, S2-011.134 (Milsubishi Heavy Ind KK) 17 July 1975, 
abstnct 


1 



Ftoim KTyi5A/2SO (eoatmuito of Moad sfafictXiuly 1992)* 



INIZSNilTIQNAL SEARCH REPORT 


faacraatioaal application No. 

pcTAistsnedo 


BOX 0. OBSERVATIONS WHERE UNITY OP INVENTION WAS LACXING 
Hitf ISA fonod nult^ iaveiitkmi n Ibllowi: 




Group]. ClniBsM2» 19-22. 25-32, 33. 33. dim ta in Al or Al aOqy ocit to Al or Al ilk)y (AI/AD 
ttictfiod <tf imkiaB ty tt^ bondingt 


GiCNqilt. 


GUbs M2. 19-22, 25-33. 34, 34. dnnvn to aa AI/Al product and n 


ifldiod of miking by adbciivci 


Group 0. 


CUma 1-4, 6, 1-10. 19«. dn» 


« to an Al/Cn product and a nrthod 


of BuikiBg by rdl bonding. 


Group Dft. 


Caaina M. 0, 0-10. 19-20. dm 


m to aa Al/Ctt product and a mdbo^ 


1 of fltokiag by adfacaive bonding. 


Group ID. 


CUna 1-4. 0, t-10. 19-20, dnu 


n to aa AVFe product and a BMd»d 


of BMitiug by voSl boodiag. 


Group nu. 


Cailma 1-4, 6. 1-10. 19-20. dm 


n to aa Al/Pe product and a mdlmd 


of BMkiog by adbrolvo bonding. 


Group IV. 


Oaimi 1-4. 6. S-10. 19-20. dnr 


urn to aa Aim product aad a otodMod of malmt by nil bonding. 


Group IVt. 


Cluni 1-4. 6, 0-10, 19-20. d» 


wn to an Aim product and a mdhoc 


1 of mikinf by adhcaivo bonduig. 


GroupV. 
Vft. dtimi 


dnmi 1-4, 6. 0-10, 19-20, drown to aaAl/Mg product and a mdliod of making by roD bonding.Oroup 
M, 6. S-10. 19-20.dm«ntoaaAUMf pnductandanMOtodofmOavbyadlKiiwbondii^ 


Group VI. 


Cfadmi 1-4. 0. 0-10, 19-20, d» 


wn to an Al/2:n product and a mcdw 


d of auddnt by roll bondiag. 


Group VU. 


daini 1-4. 6. 0-10, 19-30. dn 


«m to aa Al/Za product and a mdha 


d of waking by adbcrivn bonding. 


Group Vn, 


Claiina M. 6. 0-lo. 19-20, dm 


■n to a Cn/Cu product and a mcdm^ 


1 of makiag by nO bondiag. 


Group VDa. 


daimt M, 6, 0-10, 19-20, dm 


wa to a Oi/Ou product and a mdhod of makiqg by adhcaivo bomfiag. 


Group Vm. 


Ciahm M, 6, 0-10. 19-20. div 


TO to a Cu/Fe product and a oxlhod 


of making by loD bonding. 


GnupVIDt. 


Oaimi 1-4, 6, 0-10, 19-20, dw 


wn to a Ctt/Fe prodoctaad a mcOiod 


1 of makiag by adheiive bonding. 


GroiipIX. 


Oann 1-4, 6. 0-10, 19-20, dfiwn to a Cu/TI product and a mdbod 


of miking by roll bonding. 


Group tXft. Chimg 1*4. jfi. S-10, 19-30, dim to a Ctt/Ti product and • metfaod of mkiagby odbetive 
baadiiw.Gnq»X. Ckiin 6. t-10. 1>'20. dim to • CWMf product aada method of ma^ 


Group Xt. 


Oaimi 1-4. 0, 0-10, 19-20, dm 


an to a CoMg product and a OMtho 


d of making ^ adhoivo bonding. 


Group XI. 


daima 1-4, 6, 0-10. 19-30, dot 


aa to a Oi/Zn product and a BKlbad 


t of naldag by roO boadBng. 




Oaimi 1-4, 6, 0-10, 19-30, dm 


m to a Cu/Za product aad a mcdw^ 


1 of ■*»w»g by adhciive bonding. 


Group XD. 


Oaima 1-4, 6, 0-10, 19-30, dm 


m to a Fb/Fb product aad a Bwdiod 


of making by roO boading. 


Group Xlh. 


Oaimi 1-4, 6, 0-10. 19-30, dm 


m to a Fc/Fe product and a BKlkod 




Group XHL 


Oaima 1-4, 6. 0-10, 19-30. dn^ 


Ml to a Fc/n product aad a BMdud 


of aiaking by roD boating* 


Group XIDt. 


Oaimi 1-4. 6. 0-10, 19-30, dm 


Ml to a Fc/n product and a aidbod 


of nuking by adboive bontiag. 


Gtaup XIV. Chiau M. 6. t-10, 19-20. dnwn to o Fe/Mg product and a nedwd of oukiQg hj roll bon^ag.Group 
XlVt. Oaimi M,6,ft-10. 19-20. drown to a Pe/Mg product ud a owtfaod of miUiv by adbam 


Group XV. 


OiioM M. 6. 0-10. 19-30. dn 


am to a Fc/Za. product aad a OKCbm 


1 of making by ndt boadbig. 


Group XVa. 


Qdmi M« 6, S-10. 19-30. dn 


iwB to a FeOa product and a netboi 


1 of mating by adbnive boodiag. 



Fom PCT/ISAAIO (am aheclXl^y 1992)* 



INTERNATEONAL SEARCH REPORT 



laienittiooil ai^lieaiiob No. 
PCTAIS93/ia360 , 



GiQupXVl. CWiwM.e, WO, l9-20,dii««loirimpiodu^ 

Qnup XVU. Omm M, 6. 8-10, IMO, dnwn to • WTi pfodnet ud ■ mcdiod of mildqg by idhonvo bonding. 

Gioiip XVn. Chiw 1-4, 6, 8-10, 19-20, dmra to a TMg pradiiot tnd • method of ndcmg bjf wH bonding. 

GiQupXVIU. auBf M.6,8-10,1^20,divmtoaTiA4gpodu6laodaioo^ 

Gfoap XVm. Cblmi 1-4, 6, S-10. 19-20, dnwn to a Ti/Za pioduei and a ndhod of nakiiig by toll bon^. 

Gfoop XVIEU. f^'™ M, 6. 8-10, 19-20. diawn to a IVZii pfoduci and a mecbod of mikiag by adhcttvo 
boodii«.CiDi9XIX. CUmt 1-4, 6, 8*10. 19-20, dnw tt> a Mg/Mg pradva and a nclhod of maUng by n>Q 



Onsup XDU. Clafani 1-4, 6, 8-10, 19^. drawn to a MgMg pfodMl and a ndbod of flBalsBg by tdtmive bondng. 

Group XX. aabnal-4,6,8-10, lMO,dnwntoaMg/ZapndnGlandanidfaodof>BakingbyioObondii|g. 

Qroop XXa. CUna 1-4, «, 8-10, 19-20, drawn to a MgOn pradnotaad a neihod of making by tdbcaive bondng. 

Gm^ XXI. Oaima 1-4. 6, 8-10, 19-20, drawn to a Zn/Za pradoci and a mdfaod of making fegr nil bonding. 

GroiipXXIa. dann 1-4. 0, 8-10. 19-20, drawn to a Za/Znpnduei and a method of miking by adheaive bonding. 



Group XXn. Oaima 1-3, 13, drawn to a product inehiAng a metal Ml toterfaycr hecwecn tto mcttl and idnforoed 

DfltoL 

Group XXm. Oaima 1-7, 14-18, drawn to an alronft part. 
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